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ILS and Christensen compute total factor productivity as the tdR of

total output to total input. Total output includes all services provided

by the telephone local exchange carriers: local service, long distance

service, intrastate access service, interstate access service, and

miscellaneous services. Total input includes all inputs used by the

local exchange carriers: capital (plant and equipment), labor, and ~
I

materials, rents, and services (hereafter referred to as materials).j

BLS and Christen.en compute total outpyt using economic indexing

technique.. The economic indexing technique involves computing

quantity indexes for each of the services provided by the local

exchange carriers. The quantity index for each of the services is

computed by dividing revenue by a price index for that se~vice. The

economic indexing technique then "aggregates" these quantity

indexes to an index of total output. The total output index is

obtained by computing a weighted average of the growth rates for

each service, where the weights are based on revenue shares.

ILl and Chriatensen, compute total i.DJ:wl using economic indexing

techniques. Quantity indexes are computed for capital, labor and

materials. The economic indexing technique then aggregates these

2J BLS method••re deaoribed in: U.S. Dep8ltment ."'Un of Labor.-Bure.u of Labor
Statistics. TrIad. in MyltitMtpr Prgdyctlytty. 1948.81 , Bulletin 2178. S.ptember 1983:
U.S. Depertmem of Lebor. Bureau of Labor Stetlades, -MultJfeetor Productivity Me..urea.
188' and 1992,· USDL 94-327. July 11. 1994; end U.S. Dep8rtment of Lebor. Bureau of
Labor Stetlatics. lIMr CgmAA,'Upn and U $, PrQdyctfyfty Grgwth, 1948-90. Bulletin 2428.
December 1993.
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quantity indexes to an index of total input. The total input index is

obtained by computing a weighted average of the growth rates for

capital, labor, and materials, where weights are based on cost shares.

&LS and Christensen compute the quantity index of capital and capital

cost in similar waya. Both BLS and Christensen compute the quantity

of capital using the Uperpetual inventory method." The perpetual

inventory method bases the quantity of capital on the cost of plant
•

and equipment added in previous years, adjusted for changes in the

prices paid for plant and equipment over time and declines in

efficiency of plant and equipment as it ages. BLS and Christensen

compute capital cost using a Urental price equation." The rental price

equation bases capital cost on taxes, economic depreciation, capitol

gains, and the cost of capital.

BlS and Christeneen compute the quantity index of.J.!.Il.m and labor

cost in similar ways. The quantity index of labor is based on direct

measures such as employees or hours worked. Labor cost is based

on wages, salaries, and benefits paid to employees.

BLS and Christensen compute the quantity index of matlrials and

materials costin simil8r ways. Materials costs are based on company

expenditures forth.se items. The materials quantity index is

calculated by dividing cost by a price index for those services.
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Christensen Appendix 2
Construction of Price Indexes for Local, Long Distance.

and Intrastate Access Services

The formula used to compute price indexes for local, long distance,

and intrastate access services is an approximation to the chain-linked

Paasche price index. The chain-linked Paasche price index has the form:

P ~Pit . Q It
...:.J- =--,-' _
PI-I L.P~t-1 . Q jl

i

(1 )

where Pit is the price of service j in time period t and Cit is the quantity of

that service provided. Diewert has shown that the chain-linked Paasche

price index provides results that are quite similar to those obtained using

superlative price indexes and that the chain-linked Paasche price index is

superior to the fixed weight Paasche and Laspeyres price indexes.24

The computational procedure relies on the information on rate

changes found in the Form M. The Form M reports the estimated change in

revenue resulting from the rate changes. The change in revenue is obtained

by pricing out a reference volume of service at the old and new rates, or:

(2)

where Ct is the reference volume for service j. The basic formula used in

constructing the local, long distance, and intrastate access price indexes is:

... "

24 .
W.E. Oiewert. ·SuPWI~ve Index Numbers and Con".tency In Aggregetlon,"

EcgnOlDllrlCl, Vol. 48. No.4, July 1978. pp. 884-900.
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PH LP il , Q it - At
j

R,=_......-
Rt - A1

where Rt is total revenue in year t. If L(P jl - PLt-,) . Qi equals
i

I: (P it - PLt-t) . Q it then equation (3) is equivalent to equation (1).
j
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J

(3)

t

The reference volumes used to calculate the revenue impact of rate

changes are generally forecasted volumes, and will not necessarily equal

actual volumes. Let the revenue change calculated from the actual volume

level instead of the reference volume level be equal to (1 +e)·A. The

percentage difference in the price index derived from equation (3) and the

chain-linked Paesche price index is given by the formula:

If, for example, total revenue in year t is $1 billion, the calculated change in

revenue due to rate changes in that year is $30 million (three percent of

total revenue), and if £ equals .05 (that is the change in revenue from rate

changes, when calculated at actual volume levels, is $31.5 million), then the

percentage difference between the chain-linked Paasche price index and the

index derived from (3) is -.15%. If g equals -.05, then the difference is

+ .15%.

CalCUlating tb. Pric. Index When Bite, are Impl.mented Mjd-year.

Th. calculated change in revenue due to rate changes is reported on an

annual basis. In otber words, It reflects the impact on revenue for the
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twelve month period following the rate change. If the rate change occurs at

the beginning of the year, the full impact of the rate change will be seen in

that year. If the rate change occurs mid-year, however, part of the impact

will be observed during the current year, with the remainder of the impact

being observed in the following year. This implies that the index formula in

equation (3) must be generalized to account for mid-year rate changes. In

the generalized version of (3), A is replaced by the impact of current year

rate changes on current year revenue plus the impact of previous year rate

changes on current year revenue. The generalized formula is:

Pt Rt-=----'---
Pt-1 Rr - Et - Ft

(4)

where E is the impact of current year rate changes on current year revenue

and F is the impact of previous year rate changes on current year revenue

(the carryover of previous year rate changes). The carryover of previous

year rate changes is equal to the difference between A and E for the

previous year, multiplied by the growth in total revenue between the

previous year and the current year (in order to incorporate the impact of

volume growth on the magnitude of the rate changes).

!.s..- R.P -. R){
1-1 Rr - E1 - (A t-1 - E.-1)' t R,-1

(5)

AcUyltiog the Price Index fQr Net Credits. FinaUy, an adjustment must

be made to the price index in order to account for any net credits paid from

the LEe tQ its customers. If we define 6t to be revenue before net credits,

tben Bt is equal to
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where Q t is the aggregate quantity index of telephone services. In order to

calculate the quantity index Ct from booked revenue after credits, one must

adjust equation (5):

where Ct is net credits in year t. This is the formula actually used to

crfpute local, long distance, and intrastate access price indexes. Below

Wfl provide a numerical example of this computation.

Exhibit A-l provides sample calculations for both a rate increase.

Revenue is $9,100 in ye.r t-' and $10,000 in year t. The year t rate

increase occurs on July 1; the annual revenue change is $400. In year t- 1

there was a rate change on June 5, with an annual revenue impact of $400.

Since the year t rate change occurs halfway through the year, its impact on

year t revenue is $200 ( 0.5 * $400). The remaining $200 of the year t

rate change will become a carryover in year t + 1. The rate change in year t

1 was effective for 57.5% of that year, producing a $230 (Le., 0.575 *
$400) revenue impact in year t- 1. The leaves a carryover of $186.81 {=

($400 - $230)*($10,000/$9,100)) to be accounted for in year t. (Net

credits in both t-l and t are assumed to be $300.)

Once the change in price level is computed for each year of the

study, an index of Innuel rate levels cam be computed by initializing the

index at 1.0 in the chosen base year. The index level for each subsequent
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year is based on the percentage change in the price level for that year over

the previous year.

T"'A2.1
SAMPLE RATE INDEX CALCULAnON

J

Ca) Revenue for year t, R(t)

(b) Revenue for year t-', R(t-')

(c) R(t)/R(t-1)

(d) Rate change in year t-1, A(t-')

(e) Date of year t-' rate change

(1) Effective in year t-1 revenue, E(t-1) (.575·d)

(g) Carryover in year t, ({d - e)·c)

(h) Rate change in year t, A{t)

(I) Date of year t rate change

(j) Effective in year t revenue, E(t) (.S·h)

(k) Year t revenue net of rate changes (a - 9 - j)

(I) Year t-1 credits, C(t-1)

(m) Year t credits, C(t)

(n) Adjustment for net credits Ca/(a-m))!Cb/(b-l))

(0) Change in price index «a)/(k)-(n))

3Q

$10,000.00

$9,100.00

1.0989

$400.00

June 5

$230.00

$186.81

$400.00

July 1

$200.00

$9,613.19

$300.00

$300.00

.9969

1.0371
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The Appropriate Data Set to Use in
Analyzing Telephone Industry Input Prices

Laurits R. Christensen, Philip E. Schoech
and Mark E. Meitzen

Christensen Associates
December , 8, 1995
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In Appendix F of the FCC's First Report and Order in CC Docket No.

94-', FCC staff members, C. Anthony Bush and MarkUretsky consider

whether short-run or long run input price data should be used to forecast

the future trend in input prices.25 They tentatively concluded that the short-

term input price growth differential measured over the post-divestiture

period, 1984-1992, represented a structural shift In the input price

differential and should be used to forecast future input prices for the

purposes of setting a price cap X factor. However, they do ;' 1; . .Iy

consider the evidence placed on the record.

In particular, they do not fully evaluate a USTA ex pArte placed on the

record on February " 1996 in which Dr. Laurits R. Christensen

demonstrates that there is no statistical validity to the claim that there has

been a structural change in the relationship between telephone industry and

U.S. economy input prices (hereafter referred to as the "Christensen input

21 C. Anthony Bush and MMt 1JretIky, -Input Prices and TcQI Factor ProductlvltY,-I" lb' Mabr
of PrIqI cap pertprmonqo ..... fpr boqIt 'I"',Carriers, First Report and Order, CC
Docket 9.....1. FCC 05-132 (MM:h 30, 1eH), Appendix F.
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price affidavit").26 Bush and Uretsky stated that the Christensen input price

affidavit was not given full consideration because of differences in the input

pr~e data series used in the affidavit and input price data used by NERA in

this proceeding:27

Christensen's time-series is completely different from NERA's,
although both are based on data from various studies by Christensen.
Christensen has provided no justification for using a different version
of the LEe input price series for the period 1960-1984 than NERA's
version. Further, Christensen provides no justification for using a
different beginning date for the series than NERA (1949 instead of
1960). Because of these discrepancies, we cannot accept
Christensen's conclusion that the input price differential is zero.

"Christensen" yersys "NERA" data. As explained in the Christensen

input price affidavit, the data used in the affidavit come primarily from the

study of the Bell System total factor productivity and the USTA LEC study,

both performed by Dr. Christensen. The Bell System study covers the 1949-

, 979 period, and the USTA LEC study covers the 1984-1992 period. The

1980-1 984 period uses data from a Bell Communications Research

(Bellcore) report (1980-1982) and the study relied upon by NERA (' 983

1984).28 The methods used in the Bell System and Bellcore studies are the

a_An Input Price Adjustment Would Be an Inapproprt8te AddItIon to the LEC Price cap
Farmula,· Affidavit of Dr. LaurIta R. Chrlltensen tiled on bah'" of the United stites Telephone
AIIodlltlon. CC Docket 84-1. Febru8ry 1,1905.
27 Bu8h and U....ky, p. 13.
a In P81ticUIar. tetephane Indultry Input prices come from the Bell System study for the 1948
1871 pertod Ind the USTA U!C study for the 1884-1812 period. Telephone Industry data for the
1880-1SNI2 period oame:frorn Bell commUllic.aiona Special Report SR-FAD-000552 (May 1987);
Ind. for the 1913-1884 period,loR. Chltltensen "Total FaclorProduclivlty Growth in the U.S.
T4IIeCOmmunlCltiOna Industry and the U.S. Economy, 1951·1887: SChedule 3 to Olrect ,
Testimony, Case No. PU-2320-90-1<48, North Oakota Public Service Commission, 1910.
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same as those employed in the Christensen LEC study for USTA. As

described below, the study relied upon by NERA employs some

simplifications relative to the other three studies, making its input price

results not directly comparable to the other three studies. However, it is the

only data set available for the 1983-1984 period. Minimizing its use to only

two years and relying on the Bell System, Bellcore, and USTA studies for

the vast majority of the observations provides the most theoreticaUy

consistent telephone input price time series available. 29

It is important to understand that the Christensen data used by NERA

for the pre-1984 period come from a study conducted by Dr. Christensen in

connection with his 1990 testimony for U.S. West in North Dakota.3o The

study filed in North Dakota was designed to approximate Dr. Christens"n's

more in-depth TFP studies. Unlike his other more detailed studies of the

telephone industry, this study relied on aggregate telecommunications

industry data from Bureau of Economic Analysis (BEA) publications

(hereafter, this study is referred to as the "telecommunications industry·

study).

One of the major differences between the teleCfommunications

industry study filed in North Dakota and the more comprehensive studies,

such as the l.Ee study for USTA and the Bell System study, is the

:ze In a March 21, 1886 • pctt. USTA e.8ined the sources of the U.S~ input price
numbers end why they may dlffw betw..n the "ChrlsteMen- end -NERA" date leu.
30 Direct TU1imony of Lauritll R. Chrletenaen, North Dakota Public Service Commi.slon C••e
No. PU-232o-90-149, October 1, 1990, Schedule 3.
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measurement of capital. The telecommunications industry study does not

measure the value of capital with the Christensen-Jorgensen methodol09r

as the other studies do, but measures it as the residual of gross national
I,

product originating in the telecommunications industry less labor

compensation in the telecommunications industry. In effect, this measures

the value of capital as revenue less labor and materials cost. Therefore,

when the telecommunications industry study filed in North Dakota is used

for the pre-1 984 period and the USTA LEC study is used for the post-' 984

period, there is a notable lack of correspondence between the methods used

to measure capital input prices for the pre-1 984 and post-1984 periods. 31

This mismatch creates an artificial difference in observed pre- and post.;.

1984 input prices.

This mismatch has a minimal impact on TFP results. However, the

telecommunications industry study data set does not exhibit the same

pattern of input price growth, particularly with respect to capital, as the Bell

System input price data set. Specifically, the telecommunications industry

study data set does not fully reflect the large increases in capital input

prices in the late 1970's and early 1980's when interest rates were rising.

This is illustrated in Charts 1 through 3, which compare the input price data

from the Bell System and Bellcore studies to the telecommunications

31 The "NERA data" cited by Buah and Ur8taky In Appendix F used the simplified study for
the pr.' 984 period and the eMeten.en LEe atudy commi.sioned by the USTA for the
poet-'984 period.
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industry study for the 1959 to 1982 period.32 Chart 1 shows the growth in

total input price for the two data sets between 1959 and 1982. Total

telephone input price grew at an annual average rate of 5.8 percent in the

Bell System/Sellcore data and 5.2 percent in the telecommunications

industry study data. Chart 1 illustrates that the price of total input was

much more volatile in the Sell System and Sellcore data'. The standard

deviation of total input price growth over the 1959·1982 period was .0423

in the Bell System/Bellcore data versus .0241 in the telecommunicationSj

industry study data. Chart 2 shows that this was primarily due to the

changes in capital input prices in the Bell System/Bellcore data relative to

the telecommunications industry study data. Capital input price grew a an

annual average of 4.3 percent in the Sell System/Sellcore data and 2.8

percent in the telecommunications industry study data. The Sell

System/Ballcore capital input prica data was also much mora volatile, wr a

standard deviation of .0654 versus .0305 for the telecommunications I

industry study data. Chert 3 illustrates thst tha difference in overall inPt

price growth between the Sell System/Belleore data and telecommunicaions

industry study data are cle.rly driven by the differences in capital input rice

growth.

3Z The first obaerved growth rate 10r the 1969 to 1982 period occur. in 1960-i.e•• the
growth In 1960 over 1969. Therefore. the first data point in Charts 4 and 5 is 1980.
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In summary, the long-term input price data series found in the

Christensen input price affidavit, comprised primarily of results from

Christensen's Bell System study and Christensen's USTA LEe study,

represents the most methodologically consrstent series over time. This data

series is clearly superior to the one that uses the telecommunications

industry study for the pre-1984 period. Moreover, any statistical analysis

using the series with the telecommunications industry study data will

produce results that show differences in the pre- and post-1 984 input price
j

relationships sjmply dUf to the difftuent methodologies used to generate the

DrB- lind Dost- 1984 input price series. The Ben System/USTA LEe data

series represents the most consistent series and, therefore, it is the most

appropriate for testing the input price differential. It also means that the

Christensen input price affidavit cannot be dismissed on the grounds that it

uses different and, supposedly, inferior data: full weight needs to be given

to the Christensen input price affiilvit in considering whether the X factor.-
should include an input price differential.

Christensen Inpyt Price Aff;)ri.Yit. Given that the 1949-1992 data

used in the Christensen input price affidavit represents the most consistent

series over time. it is important to restate the major findings of the affidavit.

The February 1, 1995 affidavit concluded that, over the 1948 to 1992 period,

input prices for the U.S. economy and the telephone industry grew at the

....ntialJy same rate. Over this period, input prices grew at an average annual

rate of 4.75 percent for the U.S. economy and 4.70 percent for telephone
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companies. Statistical tests found there was no evidence that the input price

trends differ for the telephone industry and the U.S. economy for the full 1948-

1992 period. It is extremely important to note that the same conclusion holds for

the 1948-1984 and 1984-1992 subperiods.

This means that any observed short-term differences in input price growth

do not represent a difference in the underlying trends of input prices. The

volatility of this series is so great that observed differences cannot be

statistically distinguished from a difference of zero. This also means there is no

statistical basis for using an observed short-run differential as a projection of

expected future trends. This is illustrated in Charts 4 thro~gh' €5.33 .

Chart 4 illustrates that the long-term average growth rates of telephone

industry and U.S. economy input prices is essentially identical, resulting ,in a

long-term differential of only 0.05%. Chart 5 shows the long-term differential

and the annual values of the differential. It can be seen that there is substantial

variability of the annual values around this long-term trend. Chart 6 illustrates

that there was a great deal of annual volatiUty in the 198+:1992 input price

growth differential. AMual values of the differential range from -7.8% to

+7.7% during this period.

:D The first oblerved growth rllte for the 1948 to 1992 period occurs In 1949--i•••, the
growth in 1949 over 1948. Therefor., the first data point in Charts 4 and 6 is 1948.
SimHarty, in Chart 8, the flrato~ growth rate for the 1984 to '992 pMiod occurs In
1886. '
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The volatility of this series is SO great that observed differences cannotIbe

statistically distinguished from a difference of zero, meaning there is no

statistical basis for using an observed short-run input price growth differential as

a projection of expeded future trends. ,

It is evident from Chart 5 that using the 1984·1992 differential as a bJ.is
I

for projection selectively chooses the only subperiod in, the series where fhe
I

differential was less than zero for a number of y-.ars. Events since 1989 indi1te

the differential has resumed its long-term pattern of random, volatile deviati1ns

around zero. The events producing the observed 1984·1989 input P1ce
differential are not likely to repeat themselves going forward. From 19841 to

1992 the LEe measured capital input price rose slower than the measured

capital input price for the U.S. economy, and the lEe labor input price rose

'-r th.... the lebor Input price for the U.S. economy. 8<rt neither of thr

differences can be property construed as a change in long-term trends. A,a.1

discuss below, because they cannot be expected to continue, they cannot form
I

the basis for a forward-looking regulatory policy.

In panicuJar, the short-term difference in measured capital input prices

!
reflects the fact that mee.ured LEe capital input prices put a much lar~er

i

weight on interest rates than measured U.S. capital input prices, and the fact

thllt up until 1993 the poIIt.<fivesdture period hu been a' time of declinrQ

int8rest rates. The USTA study of LEe productivity growth used MoodY-'s

campoalte yield for pUblic utility bonde aa a proxy for the opportunity caet ~f

I
~ I
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capital for all LECs.34 This yield fell from 14.03% in 1984 to 7.56% in 1993.

It had risen to an average of 8.3% in 1994. Subsequently interest rates have

declined somewhat from 8.3%, but it is very unlikely that the U.S. economy

will soon experience another period of prolonged interest rate declines of the

magnitude experienced between 1984 and 1993.

Because short-term differences in one direction tend to be offset by

subsequent short-term differences in the other direction, the inclusion of an,
i

input price growth differential term in the price cap offset based on recent

short-term fluctuations in input prices is likely to be in the wrong direction.

Therefore, the best estimate of the expected input price growth differential is

given by the long-term differential of zero, not a projection of the 1984-1992

differential.

I
Tests for tl)e 1959-1992 period. In addition to using a different data se"

the other concern raised by Bush and Uretsky regarding the Christensen input

price affidavit was that the data began in 1948 versus 1959 for the uNERA"

data. Therefore, statistical teats were performed on the "Christensen" data set

over the 1959-1992 period to demonstrate that the inclusion of the 1948-1959

period did not bias the test results presented in the Christensen input price

affidavit.

34S1nce the yiekI on public U1IIIty bonda reflects the coat of debt, but n~t equity, and Iinee
the COlt of equity II~Iy hiGher than the coat of debt, tht' proxy will tend to understate
the full opportunity COlt of~ to the LECs. Moreover I since the COIIt of debt has
recently fal..... relative to the COlt of equity, this proxy hu declined relative to the full
opportunity coat of capital to the LEes.

50
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Over the 1959-1992 period, telephone input prices grew at an annual

average of 4.9 percent versus 5.2 percent for the entire U.S. economy. ,hown

in Table A3.1 below are the statistical tests of the hypothesis that the trend in

input price growth for the telephone industry equals the trend in input price

growth for the entire U.S. economy for the 1959-1992, 1959-1984, and 1984

1992 periods.35

T..... A3.1
Statiatical Test of Hypo1h88i. That Input Price Differential Is Zero

'968-1992

Time PeriOd

1858-1992

1880-19fU

1984-1992

T-Statistic

0.40

0.41

1.30

Critical Value

2.04

2.06

2.38

Aa with the results presented in the Christensen input price affidavit for

the 1948-1992 period, there is no statistical evidence that telephone industry

and U.S. economy input price growth trends differ over the 1959-1992 period.

Therefore, inclusion of the 1948·1959' period in the ·Christensen" data set did

not bias the results.

. '.

• For eech time period, the first ot..v"'d growth rate occurs In ~. second y••r of the
pMod-i.e., the first growth rate for the 1959-1992 period Is 1geO.
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Pre-1984 tefephone industry input price data based on the

telecommunications industry study filed in Dr. Christensen's North Dak~

testimony uses a different method for measuring capital input prices than his

more detailed telephone industry TFP stUdies. Therefore. when using t~e

combination of the telecommunications industry study for the pre-1984 period

and the USTA LEe study for the post-1984 period (as in the liNERA'" data), any

observed differences in the input price differential could just as well be attributed

to the different methodolOgies as to a "real" difference due to a "strudural"

, change in the telephone industry/U.S. economy input price relationship. l'iS
renders the Bush-Uretsky results based on the "NERA" data meaningless.

The input price data set used in the Christensen input price affidavit is the

most methodologically consistent and. thus. the most ap~priate for measuri19

the relationship between telephone industry and U.S. economy input price
..

trends. The affidavit demonstrated that there was no statistical evidence th t

input price trends differ for the telephone industry and the U.S. economy for t

full 1948-1992 period, or for the 1948-1984 and 1984-1992 periods. Moreov ,

it has been demonstrated here that there is no statistical evidence that inp

price trends differ for the 1959-1992 or 1959-1984 periods.

This means that ainy obServed short-term differences in input price gr

do not represent a difference in the Underlying trends of input prices. In

parttcular. there is no statistical basis for using the 1984-1992 differential as a

basis for projecting a differential for 1996 and beyond. Not only does this

52
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represent the selective choice of the only subperiod in the series where the

differential was less than zero for a number of years, but the volatility of the

series is so great that observed differences cannot be statistically distinguished

from a difference of zero.
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ECONOMIC EVALUATION OF SELECTED ISSUES

FROM THE FOURm FURTHER NOTICE

OF PROPOSED RULEMAKING IN THE LEC PRICE CAP

PERFORMANCE REVIEW

,
j

,'65.

BACKGROUND AND SUMMARY

The Fourth FunMr Notice of Proposed RukmQ/cing (FFN) solicited com

regarding methods to establish a long-term price cap plan for the local exchange

(LEC) industry. This paper addresses four issues: (i) trends in LEe input prices

direct measurement of LEC's unit costs (,S7 and '61); (ii) the measurement of s41J1~

productivity growths for interstate, intrastate, regulated and nonregulated services,

and '70); (iii) AT&T's Historical Revenue ('80-83 and '88-89) and (iv) the conium

productivity dividend (, 94-9S).

In general,.we pnd. tJ\at post-c;livestiture point estimates of the. difference~
LEe and U.S. industry input price growth rates are unreliable. Measures of LEe' _
productivity growth relative to the u.s. as a whole provide reliable targets for the an~ual

I
price cap adjustment formula, and attempts to fine-tune such a formula using short-term

changes in the input price differential will not lead to greater accuracy or latger welfare

pins. Productivity measures must be calculated-as nearly as possible-at the level of

agreption of the entire firm. Because the production processes for interstate and intrastate

(or replatal aDd unregulated) services are not separable, attempts to calculate service

specific productivity growth rates or to adjust total-finn TFP estimates for relative growth

rates of particular inputs are futile. Finally, though the historical price and TFP methods of

appraising past industry performance are based on the same basic economic theory and

similar assumptions, (i) the TFP-based calculation is less sensitive to violations of those

Ulumptions, (ii) the historical revenue approach does not have the theoretical support that

the TFP and historical price methods possess, and (iii) the historical revenue approach

requires many additional unrealistic conditions which do not hold iri.thetelecommunications industry•

I.
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